in&nts leamed to move a mobile by kicking and were tested 1 to 21 days later for retention of the newly acquired memory as a function of the training and testing contexts. In Experiment 1, decreasing the relative distinctiveness of the training and testing context did not impair retrieval of the newly acquired memory. In Experiment 2, however, testing in a different context completely eliminated retention after delays of 1 and 3 days, when retention was otherwise perfect; after progressively longer delays, retention improved paradoxically. The familiarity or novelty of the test context was not a factor in the failure of infants to recognize the mobile in the altered context after 1 day. In Experiment 3, the effect of an altered context was assessed in a reactivation paradigm. After the training memory was forgotten, infants were presented with the original mobile as a reminder and were tested for retention of the training memory 1 day later. When either the reminding context or the testing context was different, they exhibited no retention. These findings reveal that memory retrieval at 6 months is highly specific to the setting in which the memory is acquired. We propose that infants leam what specific events are associated with what specific places prior to the age when they can locomote independently and acquire a spatiotemporal map of the relations between thosfe places.
The term "context" is used broadly in Laurie, Martelli, & Hartig, 1984; psychology to refer to all aspects of the inter- Miller, 1980) , the effect of the extrinsic connal or external environment that are present text on infant retention has not, due in large during a task but are not central to its charac-part to the widely accepted conclusion that teristics or demands (Clark & Carlson, 1981 ; infants' brains are too immature to store infor- Spear, 1978) . Two classes of context with dif-mation about the physical environment prior ferent meanings in psychological research to the eighth or ninth postnatal month (Nadel, have been distinguished. The first refers to Willner, & Kurz, 1985 ; Nadel & Zola-Morgan, tiie setting, or ". . . environmental surrounds 1984; see also Schacter & Moscovitch, 1984) . in which some event exists or occurs, and it Evidence from two recent studies with 3-contains no implication that the context or the month-olds, however, has challenged this environment influences that event or is re-conclusion. In both studies, infants leamed an lated to it in any significant way" (Wickens, operant response that activated a crib mobile 1987, p. 135) . The second refers to stimulation (the nominal cue) in the presence of a distincin which an event or target item is im-tive cloth liner (the context) draped over their mediately embedded and which gives mean-crib rails, and retention was assessed in either ing to, interacts with, or influences the per-the same or a different context (Butier & ception of the event or some of its Rovee-Collier, 1989; Rovee-Collier, Criesler, components. Baddeley (1982 ) described these & Earley, 1985 . A change in context distwo classes as the extrinsic and intrinsic con-rupted retention after delays ranging from 3 to texts, respectively. 7 days but not after 1 day. In addition, briefly exposing infants to the context in which they Although the effect of the intrinsic con-had originally leamed the task 13 days earlier text on perception early in infancy has re-reactivated the otherwise forgotten memory ceived considerable attention (e.g., Bomba, (Rovee-Collier, Criesler, & Earley, 1985) , re Eimas, Siqueland, & Miller, 1984; Colombo, storing retention to the level previously seen immediately after training; changing the context during a reactivation procedure, however, significantiy impaired retrieval of the forgotten memory when the otherwise effective original cue was presented as a reminder (Butier & Rovee-Collier, 1989) . These studies reveal that by 3 months, infants encode information about the physical setting in which an event occurs, and that this information, in turn, is an important source of retrieval cues for the memory of that event-particularly after longer retention intervals.
Studies of learning and memory development over the first half year have found that learning is more rapid, a newly acquired memory is remembered longer, and a forgotten memory is reactivated more rapidly at 6 months than at 3 months (Boiler, RoveeCollier, Borovsky, O'Connor, & Shyi, in press; Hill, Borovsky, & Rovee-Collier, 1988 ). These observations led Hill et al. to propose that memory processing changes quantitatively during development but continues to be described by the same basic principles, irrespective of the neuroanatomical system that mediates it. We have repeatedly found that a reminder is a highly effective retrieval cue for 3-month-olds, whether they are trained, reminded, and tested in the familiar context of their own crib (Fagen & RoveeCollier, 1983; Rovee-Collier, Sullivan, Enright, Lucas, & Fagen, 1980; Sullivan, 1982) or in a highly distinctive context (Butier & Rovee-Collier, 1989; Hayne, 1988; RoveeCollier, Criesler, & Earley, 1985) , as long as the reminding and the encoding contexts match. In a study of the temporal parameters of reactivated memories at 6 months, however. Boiler et al. (in press) observed no retention whatsoever 1 day following exposure to a reminder unless infants had been trained, reminded, and tested in a highly distinctive context. These findings raise the possibility that information about the setting in which learning occurs may affect memory retrieval in a qualitatively different manner at 6 months tiian at 3; alternatively, the salience of place information may simply become more heavily weighted as infants age.
Researchers have documented that infants increasingly exploit environmental cues as landmarks during their second half year (e.g., Acredolo & Evans, 1980; Bremner, 1978; Cornell & Heth, 1979) . Because infants also become progressively ambulatory during this same period, it is possible that they acquire information about what events occur in which places prior to the time when they acquire information about relations between those places, which is required for spatial navigation. In addition, were memories to become increasingly context-dependent prior to the advent of independent locomotion, they might be buffered against retrieval in generalized and potentially inappropriate locations where they would be subject to extinction or other modification. Other than the finding of Boiler et al. (in press) , however, no information is available on how the situational context affects memory retrieval at 6 months. The following experiments, therefore, were designed to address this issue. To permit direct comparisons between the present findings and those obtained from 3-month-olds, we used the same apparatus and paradigms as Butier and Rovee-Collier (1989) .
Experiment 1
At 3 months, highly distinctive contextual cues facilitate the retrieval of a newly acquired memory that has been partially forgotten. Once the training memory has been completely forgotten, however, its subsequent reactivation does not depend on the distinctiveness of the reminding context (Butler & Rovee-Collier, 1989; Fagen & RoveeCollier, 1983; Hayne, 1988; Rovee-Collier, Criesler, & Earley, 1985; Sulhvan, 1982) . At 6 months, whether a distinctive context similarly facilitates retrieval of a newly acquired memory is not known, but memory reactivation does appear to require a distinctive reminding context. Boiler et al. (in press) trained, reminded, and tested infants in their own homes in one of three contexts differing in degree of distinctiveness-the infant's own playpen (not distinctive), a novel nylonmesh playpen (moderately distinctive), or the novel playpen draped with a colorful striped liner (highly distinctive). Only the latter two groups exhibited evidence of retention.
Studies with adults have found that cued recall of items that share common properties is inferior to that of items that do not (Ceraso, Timmerman, & Velk, 1982) . Because older infants regularly interact with a variety of different objects in their playpens, it may be difBcult for them to distinguish between the memories of these objects and the memory of the experimental mobile, which they also encounter in their playpen during training. As a result, their retention may similarly be impaired. Ackerman (1987) has proposed that one function of the context is to identify a memory and distinguish it from other memories with common components. The findings of Boiler et al. are consistent with this interpretation. Hill et al. (1988) , using the mobile paradigm, found that 6-month-olds displayed perfect retention of the specific details of the newly acquired memory for as long as 2 weeks after training in a highly distinctive context. Whether the distinctiveness of the context contributed to their excellent retention, however, is not known. If the highly distinctive context served to distinguish the training memory from competing memories encoded in the infant's playpen, then subjects trained in their own playpens without a highly distinctive context should display inferior retention.
In the first experiment, therefore, we asked whether and to what extent the distinctiveness of the context facilitates retention of a newly acquired memory at 6 months. To answer this, infants were trained in one of tiiree contexts that differed in degree of distinctiveness. Two weeks later, they were tested in the same context with either the training mobile or a different one. Responding above baseline to tiie original mobile only was taken as evidence that infants remembered the specific details of the training mobile (i.e., they discriminated that the details of the physically present novel test mobile and the original training mobile did not match), responding above baseline to both the original and a different mobile was taken as evidence tiiat infants remembered only the general features of the training mobile and not its specific details (i.e., partial forgetting), and responding above baseline to neitiier test mobile was taken as evidence of no retention (i.e., complete forgetting). If a context that is moderately or highly distinctive is required for retention of the specific details of the training mobile, then infants trained in their own playpens would be expected to display either partial or complete forgetting.
Method
Subjects.-Thirty infants (14 males, 16 females) were recruited from published birth announcements in local newspapers and randomly assigned to one of six test groups (n = 5 each), defined by the context (own playpen, white nylon-mesh playpen, liner-draped playpen) and the test mobile (same, different), as they became available for study. Their mean age on the first day of training was 175.6 days (SE = 1.9). All infants met the learning criterion (responding at a rate 1.5 times baseline during any 2 consecutive min of acquisition) required fbr inclusion in the study, but eight additional infants were excluded for crying in excess of 2 consecutive min in any of the three sessions (n = 6), a scheduling conflict (n = 1), or matemal intervention (n = 1).
Apparatus.-Infants were trained and tested either in the familicir context of their own playpen, in a novel nylon-mesh playpen (Safe-T-Pen, Portable Technology, Inc., model no. 13655), or in the novel playpen draped in front and on the two sides witii a colorful cloth liner. For half of the latter group, the context was the red-and bluestriped clotii liner used by Hill et al. (1988) , and for half it was a green cloth liner displaying yellow-felt squares (5.08 cm^) separated by 5.08 cm in a grid pattem. The nylon-mesh playpen was placed where the infant's own playpen normally stood and offered infants the same view of the room as their own playpen, but it differed from the infant's own playpen in size, construction, and visusil detail. The liner-draped playpen provided even rnore salient and distinctive cues and obstructed the infant's view of the room in which the playpen was located. The latter two contexts were uniquely associated with the duration of an experimental session. All of the infants' own pla5^ens allowed a view of the room (as did the nylon-mesh playpen), but none was exclusively associated with an experimental session. As a place to play witii objects both prior to and following training, therefore, the infant's own playpen provided no distinctive contextual information unique to a training episode with the mobile.
During training, infants reclined in a cloth, sling-type infant seat (Baby Bjom, model no. 13) that was situated in the center of the playpen. The training mobile was hung slightiy above and in front of the infant seat fi-om a flexible metal bar tiiat extended horizontally from a modified microphone floor stand. A white satin ribbon, tied to tiie mobile suspension hook, was connected to the infant's ankle without slack. This arrangement permitted that foot to activate the mobile in a manner proportional to the rate and/or vigor of kicking ("conjugate reinforcement"). Infants were trained with one of the two models used by Hill et al. (Nursery Plastics, model nos. 801 and 809) . Each contained seven painted wooden figures and three 1-mm (diameter) silver jingle-bells. During testing, half of the infants were presented with the original mobile ("same") and half with the other mobile ("different"). Mobile order was counterbalanced within and across groups as nearly as possible.
Procedure.-The procedure was identical to that of Hill et al. (1988) . All sessions took place in the infant's home at a time when the mother thought her infant was likely to be playful. This time varied from one infant to the next but remained relatively constant over sessions for the same infant.
Infants were trained for two sessions and tested 14 days later in a procedurally identical third session. All sessions consisted of three phases: (1) an initial nonreinforcement period (2 min) when the ribbon was disconnected firom the mobile suspension hook and kicks produced no movement in the mobile; (2) a reinforcement period (6 min) when the ankle ribbon was connected to the hook from which the mobile was suspended and kicks produced conjugate movement in the mobile; and (3) a final nonreinforcement period (1 min in session 1, 2 min in sessions 2 and 3) identical to the first.
The mean number of kicks/minute during the nonreinforcement period at the outset of session 1 (baseline) defined the infant's pretraining operant level. The mean number of kicks/minute during the nonreinforcement period at the end of session 2 (the immediate retention test) provided a measure of the infant's performance at the end of training after no delay. The mean number of kicks/minute during the nonreinforcement period at the outset of session 3 (the long-term retention test) provided a measure of the infant's responding 14 days later, prior to the reintroduction of reinforcement. A decrement in response rate from the immediate retention test to the long-term retention test could reflect either forgetting over the retention interval or a change in the cue (the mobile) at the time of testing. The session 3 reacquisition period was included to ensure that poor test performance on tiie part of any group did not reflect lack of motivation, illness, etc., on that particular day. At 6 months (Hill et al., 1988) , as at 3 (Rovee-Collier, Morrongiello, Aron, & Kupersmidt, 1978; Rovee & Rovee, 1969) , increases in responding during acquisition are a result of the contingency and not behavioral arousal.
The experimenter, standing out of the infant's direct view, recorded the number of kicks in successive 15-sec blocks and timed the duration for which the infant looked away from tiie mobile or cried. If the infant looked away or cried for more than 2 consecutive min, the session was stopped. Kicks were recorded only for the foot with the ribbon attached ahd were defined as complete horizontal or vertical excursions of that foot which at least partially retraced the original path in a smooth and continuous motion (Rovee & Rovee, 1969) . A second trained observer, naive with respect to infants' group assignments, independentiy recorded the responses of five infants during 10 sessions. The Pearson product-moment correlation coefficient, computed over 15-sec blocks of mutual observation, was 0.95.
Results and Discussion
Performance during the long-term retention test in session 3 was analyzed in terms of two individual measures of relative response that we have used in ali previous studies of infant memory (see Rovee-Collier & Fagen, 1981; . We emphasize that all retention measures are based on performance during nonreinforcement periods. The baseline ratio (B/P) expresses the extent to which an infant's response rate during the 2-min long-term retention test at the outset of session 3 (B) exceeds that same infant's unlearned response rate during the 2-min baseline phase at the outset of session 1 (P). A baseline ratio that significantiy exceeds 1.00 indicates that responding during the long-term test was significantiy above operant level (e.g., significant retention or generalization). A baseline ratio that does not exceed 1.00, however, indicates either a retention deficit or discrimination, depending on the retention interval.
The retention ratio (B/A) expresses the infant's rate of responding during the 2-min long-term retention test (B) as a fraction of the infant's response rate during the 2-min immediate retention test at the conclusion of training (A). A retention ratio of 1.00 or higher indicates that responding was as high during the long-term retention test as it was after no delay (i.e., "perfect" retention or complete generaJization). Retention ratios significantiy less than 1.00 indicate that infants have exhibited a significant impairment in retention (or a significant degree of discrimination) during the long-term test. Because the value of the retention ratio that corresponds to operant level varies from one infant to the next, these two measures must be used in conjunction to interpret group performance. Infants in a group may exhibit a significant degree of forgetting (their retention ratio is significantiy less than a tiieoretical retention ratio of 1.00, which corresponds to no forgetting), for example, but their forgetting may not be complete (their baseline ratio is significantiy greater than a theoretical baseline ratio of 1.00, which corresponds to no retention).
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Separate two-way analyses of variance were performed over the baseline ratios and retention ratios for factors of context (3) and mobile (2). Duncan's multiple-range tests {p < .05) were used for all post hoc analyses. In both analyses, there was a significant main effect of mobile (baseline ratios: F[l,24] = 33.90, p < .0001; retention ratios: F[l,24] = 27.60, p < .0001); infants tested witii tiie same mobile had higher ratios in each instance than infants tested with a different mobile. In the retention ratio analysis, neither the main effect of context nor the interaction was significant, indicating that infants exhibited proportionally equivalent degrees of retention irrespective of the distinctiveness of their training and testing context In the baseline ratio analysis, however, both the main effect of context, F(2,24) = 3.80, p < .038, and tiie context X mobile interaction, F(2,24) = 5.50, p < .047, were significant. Infants in the cloiii-liner group had a baseline ratio significantiy greater than that of infants in the ownplaypen group; the baseline ratio of the nylon-mesh group was intermediate between these, not different from either. In addition, all groups who were tested with a different mobile had baseline ratios that were low and not significantiy different from one another in any context (cloth-liner: M = .70, SE = .16; nylon-mesh: M = .70, SE = .24; ownplaypen: M = .56, SE = .26). The baseline ratio of the cloth-liner group that was tested with tiie same mobile (M = 4.92, SE = 1.29), hovTOver, was significantiy higher than that of the own-playpen same-mobile test group (M = 1.63, SE = .25); tiie baseline ratio of the nylon-mesh same-mobile test group (M = 2.17, SE = .55) was again intermediate between these, not different from either.
The preceding results suggest that different degrees of distinctiveness vvere achieved by the context manipulations, but they provide no information about whether any of the test groups remembered or not. Even though the baseline ratios differed, all of the groups maj^ have remembered, or all may have forgoti:en. Likewise, even though the retention ratios of the groups did not differ, all may have exhibited a significant retention deficit, or cill may have exhibited perfect retention. To determine which groups remembered and which did not, directional t tests were used to compare the mean baseline and retention ratios of each test group against the corresponding theoretical baseline and retention ratios of 1.00.
These analyses revealed that all groups tested with the same mobile exhibited excel- -Retention ratios and standard errors of six groups of infants tested after 14 days witb a mobile tbat was eitber tbe same as or different from tbe one witb wbicb they were trained. Infants were tested in eitber tbeir own playpen, a novel and moderately distinctive nylon-mesb playpen, or in a novel playpen tbat was draped with a bigbly distinctive clotb liner. A retention ratio of 1.00 indicates "perfect" retention; an asterisk indicates tbat a group responded above baseline during the longterm test (i.e., baseline ratio signiflcantly >1.00) (Experiment 1). lent retention in all contexts: Their baseline ratios were all significantly greater than 1.00, and none of tiieii retention ratios was significantiy less than 1.00. In contrast, all groups tested with a different mobile exhibited littie or no responding in any context: None of their baseline ratios was significantiy above 1.00, and all of tiieir retention ratios were significantiy less tiian 1.00 (see Fig. 1 ). Because retention was excellent when the original mobile was presented as the test cue, tiie poor performance observed when a different mobile was presented was taken as evidence that infants remembered tiie specific details of their training mobile and discriminated the novel test mobile from it. The finding that these groups responded vigorously once reinforcement was reintroduced following testing indicated that their lack of responding during the retention test was not a result of illness or lack of motivation on that particular day.
These results indicate that 6-month-olds, like 3-month-oIds, can retrieve a newly acquired memory after a relatively long retention interval without the assistance of a distinctive and unique context to segregate their memory of the mobile and the responsereinforcement contingency from otiier memories acquired in the familiar context of their own playpens. Unlike 3-month-olds, however, they do not require a distinctive context in order to retrieve tiie specific details of a newly acquired memory after an extended de-lay RoveeCollier & Sullivan, 1980) . The latter finding contributes additional evidence against the claim that infants younger than 8 months are incapable of maintaining a memory representation of the details of a physically absent stimulus for longer than just a few minutes (Kagan, 1979 (Kagan, , 1984 .
The finding that a distinctive training and testing context is not necessary to facilitate retrieval of a newly acquired memory at 6 months, even though a distinctive (and unique) context appears to be prerequisite for reactivation of tbat memory once it has been forgotten (Boiler et al., in press) , suggests that the degree of contextual support required for retrieval at 6 months is determined by the relative accessibility of the target memory.
Experiment 2A
Experiment 1 focused on the potential facilitation of memory retrieval by a distinctive context during training and testing. Most studies of context effects, however, have focused on the potential disruption of memory retrieval by a contextual change (for reviews, see Riccio, Richardson, & Ebner, 1984; Spear, 1978) . The common finding is that larger differences between the contexts of training arid testing result in poorer retention. This finding is consistent with the principle of encoding specificity (Tulving & Thomson, 1973) , which states liiat the similarity between the encoding and retrieval contexts is critical to the successful retrieval of a target memory. Campbell and Spear (1972) suggested that long-term changes in context, either real or perceived, might play a major role in infantile eimnesia. This analysis has been challenged by Riccio et al. (1984) , however, who reviewed studies of animals and humans showing that the disrupting effect of a change in the environmental context is greatest immediately after training and diminishes as its details are progressively forgotten. Because the nominal stimulus or cue (e.g., a CS or a discriminative stimulus) is remembered longer than the setting in which it is encountered, subjects increasingly generalize to novel contexts after increasingly longer training-test delays. From this evidence, Riccio et al. concluded that contextual change over time is unlikely to contribute to forgetting over the long term.
In studies of 3-month-old human infants, however, the effect of a contextual change on retention did not at all resemble the pattem described by Riccio et al. (Butler & RoveeCollier, 1989; Rovee-Collier, Griesler, & Earley, 1985) . In these studies, an altered test context had no effect on retention after the shortest training-test delay but completely eliminated it after longer delays. Even after 14 days, when the newly acquired memory was forgotten, exposure to a contextual cue alone was sufficient to reactivate it (RoveeCollier, Griesler, & Earley, 1985) , and reactivation by the nominal stimulus-an otherwise effective reminder-was impaired if the reminding context was different (Bntler & Rovee-Collier, 1989 ).
The effects of a contextual change on retention at 6 months, however, not only are unknown but also, given the different effects of a common distinctive context on memory retrieval at 3 and 6 months, are not readily predicted. In Experiment 1, for example, 6-month-olds discriminated a novel mobile from the original mobile after the longest interval at which they remember the task (14 days) whether the context was distinctive or not, but Boiler et al. (in press) found that the newly acquired memory, once forgotten, could not be recovered unless training, reminding, and testing occurred in a distinctive context. At 3 months, in contrast, infants cannot discriminate a novel mobile from the original mobile after 3 days (Rovee-Collier & Sullivan, 1980 ) unless the context is distinctive (Buder & Rovee-Collier, 1989) , although the newly acquired memory is readily reactivated whether training, reminding, and testing occur in a distinctive context or not (RoveeCollier et al., 1980) . Experiment 2A, therefore, was designed to document the temporal course of retention at 6 months as a function of whether the test context was the same as or different from the one in which training occurred. If 6-montholds exhibit the characteristic adult pattem described by Riccio et al. (1984) , then, unlike 3-month-olds, they should perform poorly on a retention test administered closest in time to training and well on retention tests administered after longer delays.
Method
Subjects.-Subjects were 25 6-month-old infants (12 males, 13 females). Their mean age on the first day of training was 177.2 days (SE = 1.8). Subjects were recruited as before and randomly assigned as they became available for stndy to one of five test groups, defined by tbe test context (same, different) and the retention interval (1, 7, 14 days). Data for the sixth test group (14 days: same context) were from the group that had been trained and tested after 14 days with the same mobile in tlie presence of a distinctive cloth liner in Experiment 1. Additional subjects were excluded from the final sample for crying for more than 2 consecutive min in any session (n = 9), an operant level of 0 (n = 1), failure to meet the learning criterion (n = 2), a scheduling conflict (n = 1), or illness (n -1).
Apparatus and procedure.-The same mobiles and cloth liners were used as in Experiment 1. All groups were trained for two sessions in exactiy the same fashion as the liner-draped context groups in the preceding experiment. This time, however, all groups were tested with the original mobile, and the test session occurred either 1, 7, or 14 days later. These retention intervals were selected because they span the range over which infants in Experiment 1, who were tested in the same context and with the same mobile, exhibited virtually perfect retention. At each retention interval, one group was tested in the original context, and one group was tested in a different context.
Results and Discussion
Baseline ratios and retention ratios were computed as before. All post hoc comparisons were by Duncan's multiple-range tests {p < .05). A context (2) x retention interval (3) analysis of variance over the baseline ratios yielded only a significant main effect of context, F(l,24) = 13.94, p < .001. Overall, infants had higher baseline ratios when tested in the same context than in a different one. An identical analysis over the retention ratios also indicated that infants tested in their training context had higher retention ratios overall than infants tested in a different context, F(l,24) = 11.89, p < .002. A significant context X retention interval interaction, F(2,24) = 7.66, p < .003, was due solely to a difference between groups tested in the same or a different context 1 day after training; retention ratios of groups tested after 7 and 14 days did not differ as a function of the similarity between the training and test contexts.
Directional t tests indicated that infants trained and tested in the same context exhibited excellent retention after all delays (see Fig. 2 ). Their retention ratios were not significantiy less than a theoretical retention ratio of 1.00, and their baseline ratios were significantiy greater than a theoretical baseline ratio of LOO after 1 day (Af = 4.48, SE = 1.15; t[4] = 3.03, p < .025), 7 days (M = 4.77, SE = .94; t[4] = 4.01, p < .01), and 14 days (M = 4.92, SE = 1.29; tl4] = 3.09, p < .025). Infants tested in a different context also exhibited excellent performance after the two longest delays. Their retention ratios were not significantiy less than 1.00, and their baseline ratios were significantiy greater than 1.00 after botii 7 days (M = 2.30, SE = .50; t[4] = 2.60, p < .05) and 14 days (M = 2.97, SE = .72; t[4] = 2.73, p < .05). In contrast, infants tested afi:er only 1 day exhibited a significant performance deficit (see Fig. 2 ). Their retention ratio was significantiy less than 1.00, t{4) = 13.50, p < .0005, and their baseline ratio (M = 1.02, SE = .22) was not signiflcantiy above 1.00. Thus, at 6 months, as predicted by Riccio et al. (1984) , a change in context impaired performance on a retention test afrer the shortest training-test delay only.
Experiment 2B
The preceding data indicated that 6-month-old infants forget the details of their training context with a week. Experiment 2B was designed to describe the rate at which contextual details are forgotten within this interval.
Method
Subjects and procedure.-Subjects were 10 infants (four males, six females), recruited and assigned to test groups as before. Their mean age was 178.0 days (SE = 5.9) on the first day of training. Additional infants were excluded from the final sample for crying in excess of 2 consecutive min in any of the three sessions (n = 5) or an extremely low operant level (n = 1). All groups were trained for two sessions and then tested in a different context exactiy as before; for one group, however, the retention interval was 3 days, and for the other, it was 5. Mobiles and cloth liners were again counterbalanced within and across groups as nearly as possible.
Results and Discussion
Testing in a different context had no effect on retention afrer 5 days but eliminated it afrer 3 (see Fig. 2 ). The retention ratio of infants tested after 5 days was not different from a theoretical retention ratio of 1.00, and their mean baseline ratio significantiy exceeded a theoretical baseline ratio of 1.00 (M = 1.91, SE = .38; t[4] = 2.39, p < .05). In contrast, the retention ratio of infants tested afrer 3 days was significantiy below 1.00, t[4] = 3.28, p < .025, and their mean baseline ratio (M = 1.00, SE = .37) was not significantiy greater than 1.00.
A one-way analysis of variance over the baseline ratios of all different-context test groups in Experiments 2A and 2B yielded a signiflcant effect of group, F(4,20) = 3.29, p < -Retention ratios and standard errors of independent groups of 6-month-olds tested in a context that was either the same as or different from the one in which they had been trained 1, 3, 5, 7, or 14 days earlier. A retention ratio of 1.00 or higher indicates "perfect" retention. An asterisk indicates that a group performed signiflcantly above baseline during the test (Experiments 2A-2B).
.03. A Duncan's multiple-range test (p < .05) indicated that the baseline ratios of groups tested in a novel context 1 day and 3 days following training were significantiy less than the baseline ratio of infants tested afrer 14 days, with baseline ratios of groups tested after 5 and 7 days being intermediate between these extremes. These data are consistent with evidence from adult humans and animals that (a) the disrupting effect of a novel context on memory retrieval is greatest immediately following training, and (fo) the more rapid forgetting of the details of the original context than of the nominal stimulus (the mobile), in tum, produces a paradoxical improvement in retention over time (Riccio et al., 1984) .
Experiment 2C
In the preceding experiments, testing infants in a novel context disrupted their performance on retention tests both 1 and 3 days following training. Research with adults (Rothkopf, Fisher, & Billington, 1982; Smith, Glenberg, & Bjork, 1978 ) and 3-month-olds has shown that whether a particular test context has been consistentiy associated with the training episode or not, rather than whether it is novel or familiar, is the critical factor underlying memory retrieval in that context. At 3 months, for example, the nominal stimulus (the mobile) is not an effective reminder if reminding occurs in a context that is highly familiar but is not the context in which infants were trained . Even if tiie mobile itself contains some objects that are familiar but were not in it during training, it will not reactivate the forgotten training memory (Rovee-Collier, Patterson, & Hayne, 1985) .
In Experiments 2A and 2B, 6-month-olds tested in an altered context stared almost continuously at the otherwise highly memorable mobile (see Experiment 1) throughout the test without appearing to recognize it. Several infants occasionally glanced rapidly back and forth between the mobile and the test context as if they were confused. Experiment 2C, therefore, was designed to dissociate the novelty of the altered test context from the fact that it differed from the original encoding context. To this end, we followed procedures used previously with 3-month-olds, either prefamiliarizing infants with the cloth liner to be used during testing or testing infants in a highly familiar context but without the cloth liner that was present during training. Because the effect of an altered test context is greatest closest in time to training (Riccio et al., 1984; Experiments 2A and 2B) , we tested all infants afrer 1 day.
Method
Subjects.-Subjects were 12 6-month-old infants (six males, six females), recruited as before and assigned to one of two test groups (n = 6). In addition, one female infant was trained and tested in the 1-day differentcontext condition of Experiment 2A (group lDcSm), completing the counterbalancing of the; training and testing contexts in that group, so that all groups trained in one context and tested in another after 1 day would contain an equal number of subjects for statistical compairison. Subjects' mean age was 173.6 days (SE = 1.9) at the start of the first session. Four additional subjects were excluded as a result of crying for 2 consecutive min in any of the three sessions (n = 2), illness (n = 1), or possessing a mobile identical to the training model (n = 1).
Apparatus and procedure.-The appairatus and training procedure were the same as in Experiment 2A. Six infants were trained wiith the striped liner and six with the liner displaying squares. Infants in ihe familiarization test group were exposed to the novel cloith liner for 19 min (the total time that the original liner was present dnring training) prior to the 1-day retention test. The familiarization procedure was administered by each infant's mother, who was asked to drape the novel liner in full view ofher infant in an area where the infant normally played. This exposure procedure was explicitly designed to occur in the absence of the experimenter so that the details of the novel test context would not be contiguous with training. All mothers appe;£ired interested and indicated that they had followed the exposure instructions.
Infants in the no-liner test group were tested in the familiar context of their own playpens (where they also had been trained) but without the distinctive cloth liner that had been draped over the sides of their playpens during training.
Results and Discussion
Separate one-way analyses of variance were performed over the baseline and retention ratios of these groups and the differentcontext test group (group lDcSm) from Experiment 2A. The baseline ratios of the three groups differed significandy, F(2,15) = 5.31, p < .018. A Duncan's multiple-range test (p < .05) revealed that the familiarization test gronp had a higher baseline ratio (M = 2.33, SE = .50) tban the other two test groups (noliner group: M = 1.04, SE = .15; gronp lDcSm: M = 1.07, SE = .18), which did not differ. Differences in the retention ratios of the three groups only approached significance, F(2,15) = 3.22, p < .07. -Retention ratios and standard errors of groups tested in a different context 1 day after the conclusion of training in a highly distinctive context created by draping the playpen with a colorful patterned cloth liner. One group was tested in the presence of a novel, difFerent liner (Diff); a second group was familiarized with the novel, dififerent liner for a total of 19 min between training and testing (Diff-Fam,) ; and a third group was tested with no liner at all with the familiar surround of their own playpens and the room in full view (None-Fam). The retention ratio of in&nts from Experiment 2A who were trained and tested in the same context (Same) after 1 day is also shown for comparison. An asterisk indicates that test performance was significantly above baseline (Experiment 2G).
tion ratio of infants who were tested with the same mobile in the same context after 1 day in Experiment 2A (group lScSm). Of the three altered-context test groups, only infants in the familiarization-test gronp had a baseline ratio significantly greater than a theoretical baseline ratio of 1.00, t(5) = 2.68, p < .05. Even so, their mean retention ratio, like that of the other two groups, was significantly less than a theoretical retention ratio of 1.00 (familiarization group: t[5] = 4.16, p < .009; no-liner group: t[5] = 11.05, p < .0001; gronp lDcSm: t[5] = 6.80, p < .001). These data indicate that memory retrieval is significantly impaired in a context that differs from the original encoding context after a delay at which retention is otherwise perfect. Because this impairment occurred whether the different test context was highly familiar (no-liner group), was preexposed for the same duration as the encoding context (familiarization group), or was novel (group lDcSm), the retrieval deficit associated with testing in an altered test context cannot be attributed to the novelty of the test context per se. This conclusion is consistent with findings fi-om adults (Rothkopf et al.; Smith et al., 1978 ) and 3-month-olds .
The fact that infants in the prefamiliarization group exhibited any degree of generalization in the presence of the altered context is curious. On the basis of recent findings in our laboratory, we now believe that infants in the liner-familiarization gronp may have integrated information about the novel liner, to which they were exposed following training, with the prior training memory, thereby altering their memory of the original training episode and facilitating their response to that liner 24 hours later. Using Loflus's (1981) postevent information procedure, Greco, Hayne, and Rovee-Collier (in press) reported modification of 3-month-olds' memory oftheir training cue by passively exposing them to a novel object following the conclusion of training. During a subsequent retention test, infants transferred responding to that object, which they otherwise discriminated. Transfer was observed even when delays as long as 4 days (but not 5 or 6) intervened between training and the postevent exposure (Greco & Rovee-Collier, 1988) . A similar result has been obtained following posttraining exposure of 6-month-olds to a novel context (Boiler & Rovee-Collier, 1990 ). When 6-month-olds were trained in the same fashion as infents in Experiment 2A and were exposed to the original mobile (motionless) in a novel context for 2 min immediately after the conclusion of training, they exhibited robust responding 24 honrs later not only in that context but also in another context that they had not previously encountered. The latter result indicates that the effect of the postevent information on the prior memory representation is not specific to the particnlar context that was exposed.T aken together, the findings of Experiments 2A-2C confirm that the disrupting effect of a contextual change is greatest when retention is tested more closely in time to training (Riccio et al., 1984) . Despite the fact that 6-month-olds exhibit excellent retention of the specific details of the training cue 2 weeks after training, they exhibit little or no retention of that same cue even 1 day after training if they encounter it in a different context.
Experiment 3
Once the memory of training appears to be completely forgotten, a cue that is represented in the memory of'the original training episode (e.g., the training context, the reinforcer), if exposed briefly prior to the time when retention is tested, will restore performance dnring the ensuing retention test to the level observed immediately following training (for reviews, see Rovee-Collier & Fagen, 1981; . The effectiveness of this prior-cuing procedure, described as "reinstatement" (Campbell & Jaynes, 1966) or a "reactivation treatment" (Spear, 1973) , reflects Tulving's (1972) distinction between the accessibility and the availability of memories. Presentation of the reminder presumably primes or reactivates its corresponding memory attributes, which are available but temporarily inaccessible. Once active, these attributes activate or recruit others, and this process continues until the target memory attribute is rendered accessible to a retrieval cue presented during a subsequent test. Riccio et al. (1984) had argued that because the disrupting effects of a contextual change are immediate and then dissipate, contextual change is unlikely to account for forgetting after long delays, and the resnlts of Experiments 2A-2C appeared to confirm this. Although 6-month-olds generalized responding in an altered test context both 1 and 2 weeks after training, this result does not permit us to conclude that the environmental context has no influence on memory retrieval after even longer delays, when the original memory has been forgotten. At 3 months, for example, infants trained without a distinctive liner genereJized responding to a novel mobile after 3 days (Rovee-Collier & Sullivan, 1980) , but a novel mobile was not an effective reminder 2 weeks later (Hayne, RoveeCollier, & Perris, 1987; Rovee-Collier, Greisler, & Earley, 1985) .
In Experiment 3, therefore, we asked whether an altered context affects memory retrieval after delays sufficienUy long that the newly acquired memory has been forgotten. To this end, we trained, reminded, and tested infants in a distinctive context. For half, the reactivation context was novel, and for half, the test context was novel. »
Method
Subjects.-Subjects were 10 infants (seven males, three females), recruited as before and randomly assigned to one of two gronps that differed in whether the context was different at the time of the reactivation '-We are indebted to Harlene Hayne for calling our attention to the similarity between the postevent-information procedure and the fiimiliarization procedure of Experiment 2G. treatment (React DcSm) or at the time of testing (Test DcSm). Their mean age was 173.5 daiys (SE = 1.5) at the start of the first session. Five additional subjects were excluded for crying in any of the four sessions (n = 4) or failing to meet the leaming criterion (n = 1). Retention data for a third, identically trained group (ScSm) that was reminded and tested after the same delay as infants in the present experiment by Hill et al. (1988) have been included for comparison. These data are from five infants who were both reminded and tested with the original mobile in the original context by the present experimenter (D.B.) immediately before the present experiments were initiated.
Procedure.-The fraining and testing procedures for all groups were the same as those of the preceding experiments, except that the retention interval was 21 days. A 2-min reactivation treatment was introduced 24 honrs prior to the 21-day retention test. Dnring the reactivation treatment, the physical conditions of training were reinstated, except that the ribbon was not attached to the infant's ankle. Instead, it was drawn and released by the experimenter, crouched at the side of the playpen out of the infant's line of sight, for 2 min at a rate that matched each infant's own response rate dnring his or her final 2 min of acquisition in session 2. At the end of the second minnte, the mother removed her infant from the sling seat, and the reactivation treatment was over.
For gronp React DcSm, training and testing occurred in the saipe context, but the reactivation context was different; for group Test DcSm, training and the reactivation freatment occurred in the same context, but the longte:nn retention-test context was different. As described above, for group ScSm, the same mobile and context were present dnring training, the reactivation treatment, and testing. Tlie two mobile models and the two cloth liners used as the contexts were counterbalanced within and across gronps as nearly as possible.
Results and Discussion
A one-way analysis of variance over the baseline ratios of groups ScSm (M = 2.65, SE = .28), React DcSm (M = .99, SE = .30), and Test DcSm (M = 2.07, SE = 1.21) yielded no significant group differences. An identical analysis of the retention ratios, however, did yield a significant group effect, F(2,12) = 5.73, p < .018. A Duncan's multiple-range test (p < .05) indicated that infants who were both reminded and tested in the original context (gronp ScSm) had a significandy higher retention ratio than infants in groups React DcSm and Test DcSm, whose retention ratios did not differ (see Fig. 4 ).
Directional t tests revealed that gronps whose context was altered during either the reactivation treatment or the ensuing retention test had baseline ratios that were not significantly above a theoretical baseline ratio of 1.00, indicative of no retention, and retention ratios that were significantly less than a theoretical retention ratio of 1.00 (React DcSm: f[4] = 6.78, p < .005; Test DcSm: t[4] -5.10, p < .005). In contrast, the baseline ratio of group ScSm significantly exceeded a theoretical baseline ratio of 1.00, t(4) = 5.89, p < .005, and the retention ratio of this group was not significantly less than a theoretical retention ratio of 1.00.
Thus, despite the fact that a different context did not impair retention within 5 days of training (Experiment 2B), it completely precluded retention 3 weeks after training. An otherwise effective reminder (the original training cue) encountered in a different context did not reactivate the training memory (gronp React DcSm), and a memory that in all likelihood was effectively reactivated was not accessed in a different context 24 honrs later (group Test DcSm). These results are inconsistent with Riccio et al.'s (1984) conclusion that contextual cues have little or no effect on retention over the long term.
General Discussion
The setting in which an event is encoded appears to play an increasingly important role in the retrieval of that memory over the flrst half year. At 3 months, a contextual change did not affect retention after a delay of only 1 day but disrupted it after delays of 3 to 7 days (Butler & Rovee-Collier, 1989; Rovee-Collier, Griesler, & Earley, 1985) . At 6 months, however, a contextual change completely disrupted retention even after 1 day (Experiments 2A-2C). Also, the same contextual change that partially impaired reactivation of a forgotten memory at 3 months (Bntler & Rovee-Collier, 1989) completely precluded it at 6 months (Experiment 3). Finally, at 3 months, a reminder was highly effective in recovering a forgotten memory whether infants were trained in the familiar context of their own cribs (Rovee-Collier et al., 1980) or in a highly distinctive setting (Butler & Rovee-Collier, 1989) ; at 6 months, however, the forgotten memory was retrieved only if infants were trained, reminded, and tested in -Retention ratios and standard errors of gronps tested 1 day after a reactivation treatment (3 weeks after training). For all groups, the same mobile (Sm) was used dnring training, reminding, and testing; only the reminding and testing contexts of the groups differed. Group ScSm was reminded and tested in the same context as that in which they had been trained; group React DcSm was reminded in a difFerent context but tested in the original one; and group Test DcSm was reminded in the original context and tested in a different one. An asterisk indicates that test performance was significantly above baseline (Experiment 3). a highly distinctive context (Boiler et al., in press; Hill et al., 1988) .
The functional relation between the context and the nominal stimulus or cue (e.g., the mobile) also changes over the first half year, such that 6-month-olds treat their immediate training surround as a more integral part of the task rather than as peripheral to it. At 3 months, for example, infants progressively generalize to a novel mobile as the trainingtest interval increases (Rovee-Collier & Sullivan, 1980 ) unless the context is highly distinctive (Bntler & Rovee-Collier, 1989) . At 6 months, however, infants do not generalize to a novel mobile whether the context is highly distinctive or not (Experiment 1), but they do progressively generalize to a change in the context as the training-test interval increases. In effect, 6-month-olds treat the context in the same way that 3-month-olds treat the cue, and they respond to the cue as if it were "overlearned."
We think that botb of these changes result from a progressive expansion of the range of focal attention over the first half year. Onr proposal is based on the view of a global context that consists of multiple levels of potentially predictive information about the setting in which an event occurs (for discussion, see Balsam, 1985) . In the current situation, for example, the visual characteristics of each mobile object are encountered within the context of the other characteristics of that particular object, and each mobile object occurs witbin the context of the other objects on the mobile. The mobile, in turn, is encountered within the context of the playpen in which the infant is seated which, perhaps, is draped with a distinctive cloth liner. Finally, the liner-draped playpen may be found in different places in the same room or in different rooms in the infant's house. All of the preceding levels of context are incidental to the task in the sense that none directly affects the characteristics or requirements of the task, but each also bears some predictive relation to tbe occurrence of tbe task or event. The strength of this predictive relation is weaker for levels of context that are less contiguous, either spatially and/or temporally, with the event.
As infants age and their range of focal attention expands, contextual cues that are predictive but are spatially more remote from an event appear to become increasingly represented as a part of the core or defining characteristics of the target event. Thus, for example, contextual information that was peripheral to the event at 3 months is more central to it at 6. One result of this change is that both the number and the specificity of retteval cues increase with age. Thus at 2 months, the nominal cue appears to be only a single mobile object that is encountered in the relatively "remote" context of the other objects on the mobile (Rovee-Collier, Earley, & Stafford, 1989) . By 3 months, all of the objects on the mobile have come to define the nominal stimulus and are predictive of reinforcement, while the immediate surround (Buder & Rovee-Collier, 1989 ) and perhaps some aspects of the room (Hayne & RoveeCollier, 1985) functionally define the more remote context. By 6 months, the immediate surround has become highly integrated with the task and enters into many of the same functional relations that characterized infants' responding to the mobile at 3 months.
We think it likely that spatial or temporal information that is even less contiguous with the focal event (e.g., landmarks, relations between characteristics of the room) is incorporated into the memory representations of 6-month-olds and assumes the functional role of the immediate surround at 3 months or the otlier objects on the mobile at 2. As progressively more remote levels of context are perceived and integrated with the memory representation of a particular event with age, they appear to function in the manner of a series of conditional discriminative stimuli or "attention gates" that must be detected (or "opened") in sequence before the memory of the nominal stimulus can finally be refrieved, enabling response (for discnssion of attentiongating, see Butler & Rovee-CoIIier, 1989) . This analysis, which proposes a series of contextual constraints on memory retrieval, suggests that the excellent 2-week retention of th£! details of the original training mobile exhibited by the own-playpen gronp in Experiment 1 may not have been independent of the training and testing context at all but may have been facilitated by spatisJly and/or temporally remote aspects of the setting that were encoded as part of the memory representation of the training event and were present during testing. More distinctive contextual support, however, appears to be necessary to identify and recover a memory that has become inaccessible (Boiler et al., in press ).
These experiments provide convergent evidence that immature infants, both animal (Richardson, Riccio, & McKenney, 1988) and human (Butler & Rovee-Collier, 1989; Hayne & Eovee-Collier, 1985; Rovee-Collier, Griesler, & Earley, 1985) , are capable of encoding, maintaining, and retrieving information about the place where leaming occurs prior to the age when the hippocampus, which subserves spatial memory in adults, becomes functionally mature. In view of the finding that infants' memories become increasingly context-specific over the first half year, we speculate that the emergence of this capacity prior to the onset of independent locomotion enables infants to leam what events occur where and what contextual cues or landmarks are associated with those events before they leam the spatial relations among those different places or need to nse that information for spatial navigation.
